Auricularia auricula is one of the most popular edible mushrooms in China. Limited information is available regarding genes and proteins related to A. auricula development from mycelium to mature fruiting body and response to environmental stimuli. With the development of proteomics, this technology platform for addressing this problem is available. A critical step of a good proteome is protein extraction which can gives the best quality and a wide coverage of total proteins. To establish an effective protein extraction protocol suitable for proteomics analysis in mycelium and fruiting body of A. auricula, four previously reported protein extraction protocols including direct extraction, trichloroacetic acid (TCA) precipitation, TCA/acetone precipitation and phenol-based extraction, were compared based on the protein yield and 2-DE patterns. The efficiency of the four methods was evaluated by comparing protein yield and 2-DE patterns. Of the four methods, both TCA precipitation and phenol-based extraction method for A. auricula mycelia protein extraction yielded the good protein separation pattern and higher number of protein spots in 2-DE analysis. Furthermore, phenol-based extraction is superior to the other tested methods for A. auricula fruiting body proteome analysis .
Introduction
Auricularia auricula forms mutualistic symbioses with many tree species, commonly known as tree-ear, which is an edible mushroom found worldwide. Several studies have reported diverse biological activities of this mushroom, including anti-tumor and anti-coagulant activity owing to its enrichment of polysaccharide and polyphenolic compounds. [1] [2] [3] The consumption of A. auricula may potentially contribute to the decreased risk of hypercholesterolemia and improve heart function. [4, 5] Much attention has been paid to the bioactive compounds isolation, identification, and characterization in A. auricula, due to their numerous health beneficial effects. [4, [6] [7] [8] [9] With the development of modern chromatographic and spectrometric techniques, bioactive compounds in A. auricula has been analyzed easier than before [10] [11] [12] [13] , but the regulation of this metabolic process is poorly understood and will require targeted, well-designed and appropriately research to gain more information.
The wild A. auricula could not meet production requirements due to the high demand and big market of A. auricula, nowadays A. auricula has been implemented artificial cultivated. [14, 15] The quality and quantity of artificial cultivated A. auricula is susceptible to temperature and humidity, however, the molecular mechanisms underlying this phenomenon remain to be elucidated. [16] Notably, A. auricula is a non-model fungi species, only a few of genes were identified, including eight laccase genes, 18S ribosomal RNA gene and two glyceraldehyde-3-phosphate dehydrogenase (GAPDH) genes. [17, 18] It is clearly insufficient to establish the genetic and molecular knowledge of A. auricula based on the gene function, especially the molecular mechanism of bioactive compound metabolism and physiological responses to the environment.
Many different research experiments that were not dependent on genomic sequence were carried with the development of proteomics in the past decade. [19, 20] Utilizing appropriate proteomics approaches and analysis tools, the variation in protein expression induced by changing environmental conditions, different developmental stages, or tissue types can be examined. [21] [22] [23] [24] Some software programs has been used to analyze the proteome, which included but are not limited to proteome profiling, protein quantification, protein modification, and protein-protein interaction. [25] To find the meaningful biological changes and advancing biological discoveries in A. auricula, the further development and application of proteomic methodologies are necessary. Two-dimensional gel electrophoresis (2-DE) is a powerful tool to separate the different expression protein that was applied for many fields such as animals, plants, and microorganisms.- [26, 27] The quantities and qualities of protein extraction are one of the most critical processes of 2-DE which impact on the isoelectric focusing on first dimension and sodium dodecyl sulphate (SDS) electrophoresis on second dimension. [28, 29] Unfortunately, there is no general method of protein extraction method that can be suitable for all kinds of organisms. [30] Because it contain lots of interfering elements, i.e. polysaccharide and melanin that can interfere with 2-DE analysis, A. auricula is studied as a good representative of recalcitrant species. [31] The basic principles of protein methods should be followed in those protocols, (1) Improve sample protein solubility as far as possible, extract from the maximum amount of total protein, and reduce protein loss; (2) Decrease the artificial modification of protein; (3) Separate the interaction of proteins and other biological macromolecules, and make sure the proteins in a completely denatured state. To meet those principles, many protein extraction protocols have been published for many fungi, including direct extraction, precipitation extraction, and phenol-based extraction. [3, 19, 27, 32, 33] The growth of mycelium and fruiting body formation is the important development stage of A. auricula. To find a proper protein extraction protocol for mycelium and fruiting body, we compared four previously reported protein extraction protocols, including direct extraction, trichloroacetic acid (TCA) precipitation extraction, TCA in acetone precipitation extraction, and phenol-based extraction. The efficiency and compatibility of the four methods was evaluated by comparing protein yield and separation patterns analysis in order to produce gels that contain the good resolution and high protein spot coverage for further proteomic research.
Materials and method

Material
A. auricula DPM strain using in this research was obtained from the experimental forestry farm of Heilongjiang Academy of Forestry. It is cultured on the liquid medium. (17.27 g/L yeast extracts, 1.92 g/L tyrosine, 3.84 g/L lactose, 1 g/L NaCl, 2 g/L MgSO 4 , 0.5 mg/L biotin, 1 g/L KH 2 PO 4 ) at 25°C, 150 rpm for seven days, then the mycelia of DPM ware collected through a nylon mesh to remove medium and washed three times by deionized water. The fruiting bodies of A. auricula were also collected from experimental forestry farm of Heilongjiang Academy of Forestry. The fresh fruiting bodies and mycelia were flash frozen in liquid nitrogen, then ground to a fine powder using a mortar and pestle, respectively. The fine powder of fruiting bodies and the mycelia were stored in −80°C before protein extraction.
Protein extraction
The amount of powdered fruiting body and mycelia was respectively 10 g and 500 mg for each protein extraction protocol. We chose four different protein extraction methods used in microorganism and higher plants, including direct extraction (Method 1), TCA precipitation extraction (Method 2), TCA/acetone precipitation extraction (Method 3), and phenol-based extraction (Method 4). An overview of the four protein extraction methods is presented in Figure 1 . Each method was repeated three times and protein extracts were stored at −80°C.
Protein quantification and purification
The protein powder was dissolved in lysis solution (7 M 
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
In a total 80 μg protein extracts were mixed with 4.5 μL SDS Sample Buffer (0.5 M Tris-HCl (pH 6.8), Glycerol 85%, 10% (w/v) SDS, and 0.1% bromophenol blue) and 3 μL β-mercaptoethanol. The protein samples were boiled in sample buffer and loaded on a 10% SDS-PAGE (20 cm wide × 20 cm tall) using 1× SDS electrophoresis buffer (2.5 mM Tris, 19.2 mM Glycine, 0.01% SDS) as a running buffer. The gel was pre-run for 20 min at 100 V before samples were loaded and run at 180 V for 3 h. Protein bands following Coomassie Brilliant Blue R250 staining to visualize.
Two-dimensional polyacrylamide gel electrophoresis (2-DE)
Two-dimensional electrophoresis of protein extracted was performed using a GE Healthcare 2-DE system on the basis of manufacturer's manuals. 1300 μg protein sample was loaded by rehydration to immobilize Dry Strips (pH 3-10 linear, 24 cm) (GE Healthcare, Waukesha, WI, USA) individually. The separation parameters on an IPGphor II unit (GE Healthcare, Waukesha, WI, USA) were performed as follows: 30 V for 8 h, 50 V for 4 h, 100 V for 1 h, 300 V for 1 h, 500 V for 1 h, 1,000 V for 1 h, and 8,000 V for 12 h. IPG buffer was rehydrated using hydration buffer (8 M urea, 2% CHAPS, 20 mM DTT) containing 0.6% (v/v). When isoelectric focusing completed, the strips were equilibrated with 10 mL equilibration buffer I containing 6 M urea, 2% SDS, 2.5 mM Tris-HCl (pH 8.8), 30% glycerol, and 1% DTT for 15 min, then with 10 mL equilibration buffer II containing 6 M urea, 2% SDS, 2.5 mM Tris-HCl (pH 8.8), 30% glycerol, and 4% 2-iodoacetamide (IAA) for 15 min. The second dimension separation of proteins was performed on SDS-PAGE gel (12.5% polyacrylamide) with EttanTM Daltsix apparatus (GE Healthcare, Waukesha, WI, USA). The electrophoresis was carried out at 16°C and 3.5 W/gel for pre-electrophoresis and then 17.5 W/ gel until the bromophenol blue dye arrived at the bottom of the gels. With the use of Coomassie Brilliant Blue R250 staining, the protein samples in gel were visualized and acquired using an ImageScanner (GE Healthcare, Waukesha, WI, USA). ImageMaster 2D Platinum Software Version 7.0 (GE Healthcare, Waukesha, WI, USA) was conducted to analysis the 2-DE gel images.
Statistical and image analysis
All statistical calculations were made by SPSS 17.0 software package for Windows (SPSS Inc., Chicago, IL, USA).
Results
Evaluation of protein yields based on different extraction methods
Four different protein extraction methods were evaluated with their consistency and reproducibility in extracting total protein samples from mycelium and fruiting body of A. auricula. The protein yield was based as the quantity of protein extracted from 500 mg of fresh mycelia or 10 g of fruiting body. There was no significant difference in the protein yield extracted via direct extraction method (Method 1), TCA precipitation method (Method 2) and TCA/acetone precipitation method (Method 3) from mycelium and fruiting body (Table 1) . Highest protein yields of 5.21 mg/g and 0.27 mg/g from mycelium and fruiting body, respectively, were obtained using direct extraction method (Method 1). In contrast, the phenol-based extraction (Method 4) gave the lowest protein yield with 3.89 mg/g from mycelium and 2.0 mg/g from fruiting body ( Table 1 ). The protein extracted from mycelium was found to be consistently higher in concentration compared to the protein extracted from fruiting body of A. auricula (Table 1) in four extraction methods.
Evaluation of SDS-PAGE patterns based on different extraction methods
The four protocols compared in this study were evaluated using one dimensional SDS gel polyacrylamide electrophoresis (1D-SDS-PAGE) (Figure 2 ). According to their molecular weight, the proteins separated were resolved between 10 and 180 kDa that revealing an overview of the total protein profile. Except TCA/acetone precipitation method (Method 3), the SDS-PAGE profile of proteins extracted from mycelium clearly showed the majority of the protein bands were common in the other three protocols (Figure 2A ). Although the lowest yield of protein from fruiting body using phenol-based extraction (Method 4), the proteins extracted represented the highest number of bands resolved in the SDS-PAGE (Figure 2A ). Sharp bands were observed from fruiting body with phenolbased extraction ( Figure 2B ). TCA precipitation method (Method 2) resulted in unclear protein separation patterns, and the gel image produced using direct extraction method (Method 1) and TCA/acetone precipitation method (Method 3) only managed to resolve low molecular weight proteins ( Figure 2B) . The extraction method which could cater to include total proteins would be valuable for subsequent analyses. Data expressed as mean ± SD (n = 3). Different letters in the same row within each fraction indicate significant difference between mean values (One-way ANOVA followed by SPSS Inc test, p < 0.05).
Evaluation of 2-DE patterns based on different extraction methods
After scrutinizing the 1D-PAGE profiles, the mycelium protein obtained from direct extraction method (Method 1), TCA precipitation method (Method 2) and phenol-based extraction (Method 4), and the fruiting body proteins obtained from TCA precipitation method (Method 2) and phenol-based extraction method (Method 4) were then run on 2-DE. Proteins extracted using different extraction protocols from mycelium and fruiting body of A. auricula were first separated according to their isoelectric points, followed by an electrophoretic separation based on their respective molecular weights. Extracted proteins were focused on 24 cm pH 3-10 IPG strips and run on 12.5% polyacrylamide gels. The gels were stained using Coomassie Brilliant Blue R250 to visualize the protein spots (Figures 3, 4) . The number of protein spots on each gel was quantified with ImageMaster 2D gel software ( Table 2 ). The mycelium proteins extracted using direct extraction method (Method 1) did not produce good 2-DE images, compared to TCA precipitation (Method 2) and phenol-based extraction method (Method 4) (Figure 3 ). Although protein yield was the highest using direct extraction method, 2-DE images showed the lowest number of protein spots, with 144 spots detected in mycelium ( Table 2 ). Efficient protein separation and spot detection were observed in the 2-DE images obtained from mycelium using TCA precipitation (Method 2) and phenol-based extraction method (Method 4), 1365 spots and 1380 spots were successfully detected ( Figure 3 , Table 2 ). Streaking or smearing of protein spots were not detected from any of these two extraction methods for mycelium ( Figure 3 ). The 2-DE pattern obtained with TCA precipitation (Method 2) was very similar to that obtained with the phenol-based extraction (Method 4) from A. auricula fruiting body, 1035 spots and 1038 spots from A. auricula fruiting body were successfully detected ( Figure 4A , B, Table 2 ). However, compared with phenol-based extraction, extra vertical streaks were detected in the acidic region (pI 4 to 5) of the gel from TCA precipitation method. In addition, TCA precipitation resulted in protein spots that were diffuse and poorly resolved at the acidic ends and low molecular mass regions indicated by red box (Figure 4A, B) . To address those issues, a method for protein purification was presented to fruiting body protein. After the purification, phenol-based extraction resulted in higher numbers of spots in 2-DE images compared with TCA precipitation extraction that produced more even spot distribution across the near-neutral region indicated by white box (Table 2, Figure 4C, D) . A total of 759 protein spots were detectable from TCA precipitation extraction and 833 spots were detectable from phenolbased extraction. The vertical streaks and spot diffuse were almost removed after protein purification. These results indicate that protein purification steps result in the loss of small amounts of proteins but produced better 2-DE images for proteomic analysis.
Discussion
Over the past decade, major advancements in omic technologies (e.g., genomics, proteomics, and metabolomics) have made high-throughput monitoring of a variety of molecular and organismal processes possible. Among the approaches for studying regulatory mechanisms in biological systems, proteomic analysis is directly and efficiently. Large numbers of developmental studies on plant cell division, elongation, differentiation, and formation of various organs were carried out with the growing interest in plant proteomics continually produces. [34] At the present time, very few proteomic studies have been carried out in edible mushroom. This is probably on account of the fact that no appropriate techniques for obtaining high-quality protein extracts was available and a limited number of the genome sequence has been generated for these organisms. A. auricula is a species of non-toxic edible ear-shaped macrofungus, containing carbohydrates and pigments which can interference protein extraction efficiency [18, 35] that possibly explain the absence of data in the literature for obtaining quality proteins and studies of successful proteomic analysis of A. auricula. The Method 2* and Method 4* were Method 2 and Method 4 in combination with protein purification procedure. Data expressed as mean ± SD (n = 3).
pigments in A. auricula had been confirmed to a polyphenolic compounds [13] , thereby PVPP was added to extraction buffer which be shown to be effective in chelating and precipitating existing polyphenolic compounds to resolved the pigments interference. [36] Because of the direct effect on the purity of protein which influences the reproducibility and reliability, the results of proteomic procedure mainly depend of the extraction methods. In this study, we evaluated the effects of four protein extraction methods including direct extraction (Method 1), TCA precipitation extraction (Method 2), TCA/acetone precipitation extraction (Method 3), and phenol-based extraction (Method 4). In the four methods, the maximum amount of protein was obtained by direct extraction, which had the simplest way and the least purification steps, whereas it contained more impurities that led to fewer bands in SDS-PAGE and poor 2-DE pattern (Figures 2 and 3) .
TCA (10% w/v) in acetone was used to precipitating protein in the initially protein extraction protocol to extract wheat seeding proteins. [37] [38] [39] Acidic and/or hydrophobic conditions could help to concentrate proteins and remove contaminants in denatured protein is the principle of this protocol. [40] A precipitation step was utilized to concentrate the proteins and to remove them salts, lipids, and sugars from sample in the meantime. Compare with direct TCA precipitation of protein extracts, the concentration of TCA in acetone is 10%, which is usually more effective than either TCA or acetone alone. [28] A published 2-DE protocol for fruiting tissue (low protein sources, high lipid, and high acidity) proteins extraction used TCA/acetone as the protein precipitant for fruiting tissue samples and has been reproduced successfully for 2-DE. [41] However, in our study we found fruiting body proteins did not solubilize after TCA/acetone precipitation, the TCA/acetone precipitation method result in the poor SDS-PAGE profile of proteins extracted from mycelium and fruiting body. Direct TCA precipitation method has been successfully generate high-quality protein from mycelia and fruiting body. Although TCA precipitation worked well, compared with phenol-based extraction, extra vertical streaks were detected in the acidic region (pI 4 to 5) of the gel from TCA precipitation method with fruiting sample (Figure 4 ). To address those issues, a method for protein purification was presented to fruiting body protein. The vertical streaks and spot diffuse almost removed after protein purification, but possible protein loss due to multiple cleanup steps.
The phenol-based extraction has been widely used for total protein extraction from plant tissues. [42] [43] [44] [45] [46] It is time-consuming but effective for plant material that contained large amounts of polysaccharides in tissues. [47, 48] Proteins dissolve in phenol and lipids leaving water-soluble substances (carbohydrates, nucleic acids, etc.) in the aqueous phase, thus proteins in phenol phase are purified and concentrated together with subsequent methanol precipitation. [49] Another advantage of phenol-based extraction is that it minimizes protein degradation often encountered during sample preparation, due to endogenous proteolytic activity. [49] In our study, proteins from mycelia in the phenol-based extraction had a similar result in good SDS-PAGE and 2-DE, whereas the procedures was more complicated than TCA precipitate. With the fruiting body sample, well-resolved 2-DE patterns were obtained by phenolbased extraction with/without extra cleanup step. In general o, phenol protocol is more efficient adjective than TCA precipitation, but when a sample preparation procedure is being designed, its toxicity and time-consuming nature should be considered.
Conclusion
In this study, we have observed that the protein yields via TCA precipitation method was higher than that via phenol-based extraction in A. auricula mycelia and fruit-body. The protein of A. auricula mycelia via TCA precipitation and phenol-based extraction methods had no obvious difference in SDE-PAGE and 2-DE proteomics analysis in the attached file with editor mode. Furthermore, protein extraction methods involving phenol-based extraction were found to be superior to the other tested methods for A. auricula fruiting body proteome analysis in term of 2-DE proteomics analysis. The present study shows the insight into understanding of protein extraction efficiency using different methods with A. auricula. The techniques described here appeared reproducible and robust. Our results should aid future proteomic studies of A. auricula. 
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